Background: New educational approaches may be necessary to enhance competency in the new generation of students. Self-directed learning and blended coaching have been effective strategies to meet this challenge. However, there has been little research on self-directed learning programs using blended coaching (SDL_BC) in clinical practice. This study aimed to evaluate the effectiveness of a self-directed learning program using blended coaching among nursing students in clinical practice. Methods: A non-equivalent control group pretest-posttest non-synchronized intervention design was used. The participants were 91 students, comprising an experimental group (n = 44) and a control group (n = 47). The experimental group was trained using a self-directed learning program with blended coaching. The Self-Directed Learning Competency Questionnaire, Clinical Competency Questionnaire, and Numeric Rating Score for clinical practice satisfaction via a self-report were all used in the assessment. Descriptive statistics, independent t-tests and ANCOVA were used to evaluate self-directed learning competency, clinical competency, and clinical practice satisfaction. Results: Students in the experimental group showed a significantly higher improvement in competency in the implementation of self-directed learning (F (1,89) = 4.27, p = 0.039) and higher satisfaction with clinical practice (t (89) = 3.10, p = 0.003) compared with those in the control group. Conclusions: These results provide evidence that a self-directed learning program using blended coaching is an effective educational approach to improve the implementation part of self-directed learning competency and clinical practice satisfaction among nursing students in clinical practice. Further research is required to investigate whether other variables are associated with clinical competency, competency in planning and evaluation of self-directed learning, or their long-term effects.
Background
Self-directed learning has become a popular concept in nursing education. The benefits of self-directed learning include independence, professional autonomy, and increased choice and motivation [1] . Many faculty members are attracted to the self-directed learning approach because it enables nursing students to develop independent learning skills as well as accountability, responsibility, and assertiveness, which will be important qualities throughout their careers, allowing them to adapt to the dynamic clinical environment [2, 3] . Therefore, self-directed learning is a necessary and effective strategy for nursing students in their clinical practicum.
Successful integration of the self-directed learning process into existing curricula requires adequate preparation of faculty members and students, particularly at the undergraduate level [2] . Self-directed learning requires a coach to assist and guide students. Effective coaching involves learning from interactions with students, cooperation, exchanging learning materials, and providing encouragement. Coaching has been found to be a good approach to successfully lead students' selfdirected learning [4] . The coach in self-directed learning prepares and motivates students, and helps them set learning objectives, establish learning strategies, manage learning resources, and evaluate their learning results during the self-directed learning process [5] . Therefore, instruction of faculty members in self-directed learning and coaching methods is very important.
Currently, technology-based teaching methods have become mainstream in nursing education [6] . Among them, blended teaching, which combines the strengths of online and offline instruction, is growing rapidly [7] . Online education in clinical practice can provide various advantages, such as facilitating access to training materials or references and communication with instructors. However, online education alone is not enough for clinical practice education. Blended learning integrates online and offline education and can teach skills and help students to overcome their fear of learning and increase their motivation, which have been identified as limitations of online education. In this way, blended coaching can maximize learning outcomes through continuous learning management provided by the teacher, who facilitates and guides the learning process by combining the advantages of online and offline education [8] . Blended coaching is the most important approach to maximize learning effectiveness by appropriately arranging and combining various learning methods according to learning types and characteristics of the online and offline learning environments [9, 10] . Effective coaching provides appropriate guidance, discussion, case studies, and individual and cooperative learning. The blended method also allows for the integration of learning experiences from formal offline training (e.g., on the clinical ward) and online tasks [9] . Finally, student-centered education methods used in blended coaching are effective for self-directed learning. Teachers can easily maintain student motivation and continuous learning through various online and offline methods [8] . For these reasons, blended coaching is the most appropriate way to develop self-directed learning skills. However, there has been little research on self-directed learning programs using blended coaching (SDL_BC) in clinical practice.
Therefore, we aimed to determine the effects of SDL_BC in order to maximize the effectiveness of the clinical practicum, emphasized as self-directed learning competency, clinical competency, and clinical practice satisfaction. The hypothesis that was tested is as follows: students who participated in the SDL_BC will score higher than those in the control group on self-directed learning competency, clinical competency, and clinical practice satisfaction.
Methods

Design
This study used a non-equivalent control group design with pre-post non-synchronized intervention.
Participants and setting
This study targeted junior nursing students from baccalaureate programs at a university located in Seoul, Korea. The participants were chosen by convenience sampling. A total of 92 students agreed to participate, and 91 students were included in the final analysis (one questionnaire had missing items). Data from 47 subjects in the experimental group and 44 subjects in the control group were used. The sample size was calculated using the G*Power 3.1.9 program. The effect size was set to 0.58 based on the results of a previous study that verified the effects of a self-directed learning program for Korean nursing students on self-confidence and satisfaction [11] . For two tail independent t-test between the two groups, the minimum sample sizes were each calculated as 48 for the experimental group and the control group for an effect size of 0.58, significance level of .05, power of .80, and allocation ratio N2/N of 1. The number of samples in this study was fairly small.
Intervention
We developed the SDL_BC based on Garrison's selfdirected learning model [12, 13] , which consists of three dimensions: motivation, self-management, and selfmonitoring (Table 1) . We designed the program to include motivation by pre-clinical activities, development of self-management skills during practice, and conduction of self-monitoring activities after practice. Each stage consisted of both online and offline activities. Coaching strategies were based on the strategy model of self-regulated learning by Zimmerman & MartinezPones [14] . Coaching included not only direct instruction but also feedback about discussions and assignments, review of daily learning objectives and content, and encouragement of activities. All coaching processes prioritized support and interaction with students. The detailed components of the SDL_BC are presented in Table 1 . The intervention was implemented by a professor, and students were organized into teams of five to six. During the 2-week intervention, participants performed day and evening shifts.
Assessments
General characteristics
The included variables of the students were age, selfevaluation of previous semester academic achievement, and satisfaction in nursing. 
Self-directed learning competency
We used the 45-item Self-Directed Learning Competency Questionnaire, which was developed for undergraduates/ adults by Lee et al. [15] and includes three subscales: planning (20 items), implementation (15 items), and evaluation (15 items). Items are rated on a 5-point Likert scale (1 = almost never to 5 = almost always). The total score ranges from 45 to 225, with higher scores indicating higher levels of self-directed learning competency. The internal reliability coefficient in the Lee et al. [15] study was 0.93. In this study, the reliability coefficients were 0.89 (pretest) and 0.90 (posttest), and the subscale internal reliability ranged from 0.72 to 0.86.
Perceived clinical competency
Perceived clinical competency was measured with a questionnaire developed for nursing students by Lee et al. [16] . This is a 45-item, self-report instrument that assesses five subscales: nursing process (11 items), nursing skill (11 items), degree of cooperation (8 items), personal relations/communication (6 items), and professional development (9 items). Items are rated on a 5-point Likert scale (1 = almost never to 5 = almost always). A higher score indicates a greater degree of perceived clinical competency. The internal reliability coefficient in the original study was 0.96. In this study, the reliability coefficients were 0.96 (pretest) and 0.95 (posttest).
Clinical practice satisfaction
A numeric rating score (NRS) was used to measure clinical practice satisfaction. Participants were asked to evaluate their degree of satisfaction with the whole clinical practice, homework, content, and self-reflection on a scale of 0 to 10. A higher score indicates a greater degree of clinical practice satisfaction.
Procedure
We used a non-synchronized design to prevent diffusion of treatment. In the control group that was trained using conventional self-directed learning program based on offline teaching, participants were recruited from September 1 to October 25, 2015, which were the beginning and end dates of the clinical practice period. In the experimental group that was trained using SDL_BC, participants were recruited from August 29 to October 28, 2016. Students were unaware whether they belonged to the control or experimental group. Data were gathered in two phases, approximately 2 weeks apart. Participants completed self-report questionnaires. Pre-and post-intervention data were collected before and after the pediatric nursing clinical practice, respectively, and included demographic characteristics, self-directed learning, and clinical competency. The assessment of clinical practice satisfaction was performed immediately after completing the clinical practice. The questionnaires were completed in 15-20 min in both phases.
Ethical considerations
Written informed consent was obtained from all participants before inclusion in the study, which was previously approved by the Sungshin Women's University Institutional Review Board (SSWUIRB 2015-056, SSWUIRB 2016-022). As for the ethical aspects of the procedure, participants were informed of the purpose of the study and their right to refuse to participate at any time. Participants were informed that there would be no penalties for refusing to complete the survey. Researchers then distributed and collected the questionnaires onsite. Students used a self-chosen code to reconcile their preand post-intervention questionnaires, thus assuring data anonymity and confidentiality.
Data analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS), version 20 (SPSS Inc., Chicago, IL, USA). A Shapiro-Wilk test was performed to verify the normal distribution of the study variables, and parametric tests were subsequently used. Descriptive statistics, such as mean, standard deviation, frequency, and percentage, were calculated to assess the general characteristics of participants. The pre-intervention test of homogeneity was analyzed using an independent ttest and Fisher's exact test. The pre-intervention test of homogeneity for self-directed learning and clinical competency between the experimental group and the control group was analyzed using the independent t-test. ANCOVA analyses that were controlled for pretest scores as confounders were performed to examine the effect on self-directed learning and clinical competency. An independent t-test was also used to examine the effects on the clinical practice satisfaction score in the experimental and control groups [17] . The significance level is based on P < .05.
Results
Participants
The general characteristics of the two groups are shown in Table 2 . No significant differences in general characteristics were found between the control and experimental groups. In addition, baseline scores of the main variables (self-directed learning competency and perceived clinical competency) were not significantly different. Therefore, the two groups were considered homogenous. Table 3 presents the differences in self-directed learning competency and perceived clinical competency scores between the experimental and control groups. Compared with the control group, the pre-post difference in competency in implementation of self-directed learning in the experimental group was significantly greater (F (1, 89) = 4.27, p = 0.039). There were no statistically significant differences in other variables related to self-directed learning competency. In the case of perceived clinical competency, there were no statistically significant differences between the two groups (t (89) = − 0.06, p = 0.956). On the other hand, regarding clinical practice satisfaction, there were significant differences in overall clinical practice (t (89) = 3.10, p = 0.003), practice content (t (89) = 3.88, p < 0.001), and self-reflection (t (89) = 3.36, p = 0.001) ( Table 4) . No significant difference was found for homework.
Intervention effects
Discussion
The present pre-post non-synchronized intervention non-equivalent control group study evaluated a SDL_BC for undergraduate nursing students with a focus on selfdirected learning competency, perceived clinical competency, and clinical practice satisfaction. Self-directed learning programs have been known to improve selfdirected learning abilities in many previous studies [1, 5, 18] . In this study, blended coaching was applied to the selfdirected learning program. Findings from this study partially support our hypothesis: although the implementation of self-directed learning competency and clinical practice satisfaction increased significantly in the experimental group, we failed to observe significant differences between the control and experimental groups in competency in planning and evaluation of self-directed learning or perceived clinical competency.
The blended coaching provided to the experimental group in this study increased the online interaction relative to the control group, who received offline teaching. This online coaching included providing students with materials, answering questions, giving feedback on daily and reflection records, and encouraging discussion. These coaching methods improved students' abilities to self-manage learning during the course. Immediate feedback is known to facilitate students' motivation to learn and continuous learning management [19] . The students who participated in this study were able to ask questions during the clinical practice using mobile devices, and the coach provided immediate answers and a variety of materials as soon as possible. In fact, blended learning is less monotonous than face-to-face teaching and can enrich learning by providing various supplementary materials, as shown in this study [20] .
In addition, one of the main focuses of this study was the online discussion process. Online discussion is considered more likely to be perceived as an easy and comfortable way to access educational materials, and can play a role not only in individual learning but also in communication and cooperative learning, which is considered to maximize the effectiveness of self-directed learning [21] .
We could increase the amount of teaching time through blended coaching including the above methods. Blended learning not only overcomes constraints related to physical distance through the use of information and communication technology, but also reduces the transactional distance between instructor and learner, as well as between learners, through processes of teaching and learning that promote communication and cooperation [22] . Specifically, nursing students complete a challenging clinical practicum within a compressed time frame. Faculty members must make optimal use of teaching and learning time to equip students with a broad base of nursing knowledge and clinical reasoning skills through blended learning. Blended coaching can also complement the educational distance of face-to-face lectures.
As such, we used learning time and space, and interaction and learning methods in offline and online education flexibly. However, there was no significant difference between the experimental and control groups in planning and evaluation part. We believe that planning and evaluation parts provided through blended coaching did not differ from those of offline contents. We recommend developing a program emphasizing coaching and including various contents in planning and evaluation.
Perceived clinical competency was not significantly different between the two groups. We suggest that further programs need to combine other teaching and learning methods such as simulation practice or clinical examinations with blended coaching and test the effects on clinical performance [23, 24] to enhance students' clinical competency.
In terms of clinical practice satisfaction, ratings of content and self-reflection were significantly higher in the experimental group, who received the blended coaching, except in the homework category. There are many studies showing that students are highly satisfied with the self-directed learning method [5, 25] . Students expressed satisfaction with the practice of self-directed learning based on blended coaching in the present study. We believe that the provision of diverse materials, discussions, and immediate feedback increased students' clinical practice satisfaction. In addition, it appears that self-reflection during practice was made more effective by daily records of self-reflection, discussion of results, and feedback [26] . Additionally, nursing students were more satisfied with blended learning because of easy access to educational content. Blended learning can promote collaborative, learner-centered knowledge construction and offer a more comfortable environment.
In the homework category, the score was not significantly lower in the experimental group. This may be because the interaction loads between the coach and the student increase as the amount of learning increases. It is necessary to modify the program by giving students only pre-planned homework, and creating an environment in which the burden of extra homework is not unexpectedly increased and interesting learning is possible. 
Limitation
This study had several limitations. First, the participants were recruited from a single university in Korea, possibly limiting the generalizability of our findings. Second, the sample size was smaller than what was necessary according to the calculations using G*power. Third, the time between observations was 2 weeks, which is not a longterm follow-up to support our hypothesis. Forth, clinical competency was assessed by student themselves only, and we could not compare professor ratings and students' scores. Finally, some variables were not measured, such as personality and learning style, which might affect the learning outcomes.
Conclusion
We suggest that the present SDL_BC, involving blended learning (combining with online and offline methods) and coaching for clinical practice, was appropriately applied to self-directed learning among nursing students. The SDL_BC developed in this study was a suitable educational approach to improve the implementation of self-directed learning competency and clinical practice satisfaction. This seems to be a useful method for educators as they face the challenge of applying a variety of learning methods to enhance the competency of a new generation of students. Further research is required to investigate whether other variables are associated with clinical competency, competency in planning and evaluation of self-directed learning, and their long-term effects.
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